Abstract. In this note we study some properties of topological entropy for noncompact non-metrizable spaces. We prove that if a uniformly continuous self-map f of a uniform space has topological shadowing property then the map f has positive uniform entropy, which extends the similar known result for homeomorphisms on compact metric spaces having shadowing property.
Introduction and terminologies
Uniform Spaces. A uniform space is a set with a uniform structure defined on it. A uniform structure U on a space X is defined by the specification of a system of subsets of the product X × X. The family U must satisfy the following axioms: U1) for any E 1 , E 2 the intersection E 1 ∩ E 2 is also contained in U, and if E 1 ⊂ E 2 and E 1 ∈ U, then E 2 ∈ U), U2) every set E ∈ U contains the diagonal ∆ X = {(x, x) | x ∈ X}; U3) if E ∈ U, then E T = {(y, x) | (x, y) ∈ E} ∈ U; U4) for any E ∈ U there is a E ∈ U such that E • E ⊂ E, where E • E = {(x, y) | there is a z ∈ X with (x, z) ∈ E, (z, y) ∈ E}. The elements of U are called entourages of the uniformity defined by U. If (X, U) is a uniform space, then the uniform topology on X is the topology in which a neighborhood base at a point x ∈ X is formed by the family of sets E [x] where E runs through the entourages of X and E[x] = {y ∈ X|(x, y) ∈ E} is called the cross section of E at x ∈ X.
Topological Entropy. By a cover α we mean a family of open sets whose union is X. A cover β is a refinement of another cover α, which we write as β α, provided that any element of β is contained in an element of α. Unlike for partitions, it no longer holds that each element of α is then a union of some elements of β. A join of two covers α ∨ β is defined by α ∨ β = {U ∩ V : U ∈ α, V ∈ β}. Clearly, α ∨ β α and α ∨ β β. A sub-cover of a cover U is any subfamily β subsetα which is also a cover. For a cover α we let N(α) denote the minimal cardinality of a sub-cover. A sub-cover of this cardinality will be referred to as optimal. Let f : X → X be a continuous transformation.,If α is an open cover, then
Fact 1.1. If α is an open cover of X and f : X → X is a continuous map then the limit
Then the entropy of f with respect to α is defined to be
and the topological entropy of f is given by
Metric Entropy. Let (X, d) be a compact metric space and f : X → X be a homeo-
Each d n is a metric on X and the d n 's are all equivalent metrics in the sense that they induce the same topology on X. Fix ǫ > 0 and let n ∈ N. A set A in X is (n, ǫ)-spanning if for every point x ∈ X there exists a point y ∈ A such that d n (x, y) < ǫ. By compactness, there are finite (n, ǫ)-spanning sets. Let r n (ǫ, f ) be the minimum cardinality of the (n, ǫ)-spanning sets. A set A ⊂ X is (n, ǫ)-separated if the d n -distance between any two distinct points in A is at least ǫ. Let s n (ǫ, f ) be the maximum cardinality of (n, ǫ)-separated sets. Then
is called the metric entropy of f [4] .
Uniform Covering Entropy. Let X, U be a uniform space and let f be a uniformly continuous self-map. For each U ∈ U, we define
where 
Uniform Entropy. In continue we give the definition of topological entropy using separating and spanning sets in uniform space (X, U). Given an entourage E and natural number n, a subset A ⊆ X is called an (n, E, f )-spanning set provided that
Or equivalently if for every x ∈ X there exists y ∈ A such that ( f i (x), f i (y)) ∈ E for all i = 0, 1, 2, . . . , n − 1. By compactness, there are finite (n, E, f )-spanning sets. Let span(n, E, f ) be the minimum cardinality of an (n, E, f )-spanning set.
Or equivalently if for each pair of distinct points x and y in A there exists 0
Again by compactness any (n, E, f )-separated set is finite. Let sep(n, E, f ) be the maximum cardinality of an (n, E, f )-separated set.
Fact 1.3. Let f be a uniformly continuous self-map on the uniform space (X, U). If U and V be two entourages in U with U ⊆ V, then
And we define the following quantities for uniformly continuous map f :
Fact 1.4. Let f be a uniformly continuous self-map on the uniform space (X, U). Then
This gives the notion of uniform entropy:
Expansive maps: To simplify we introduce the following notation. If f : X → X is a map of a uniform space (X, U) and D is an entourage of X, then we define
We say that a map f : X → X of a uniform space (X, U) is a positively expansive (resp. expansive) if there is an entourage D such that
We shall call such a D a positive expansivity neighborhood (resp. expansivity neighborhood) of f . As one of notions that are weaker than expansivity we capture the notion which is called sensitive dependence on initial conditions, This is defined by the property that if there is an entourage D such that for each x ∈ X and each entourage U, we obtain
Main Results
we say that a map f : X → X of a uniform space (X,
Proof. Assume that D be any entourage of X. Then there exists an entourage
Since X is totally bounded there exists a finite set A such that U[F] = X. We shall show that for any n ∈ N, the set A is an (n, D, f )-spanning set. For each x ∈ X there exists a point y ∈ A such that (x, y) ∈ U. Hence y ∈ U[x] and we obtain f (
Definition 2.2. Let (X, U) be a compact uniform space and let U be an entourage of X. A finite uniform cover C(U) = {U[x] : x ∈ X} is called a uniform generator for f , provided that for any bi-sequence {A n } i∈Z ⊂ C(U), the intersection ∩ ∞ n=−∞ f −n (cl(A n )) contains at most one point.
Lemma 2.3. Let α be an open covering of the compact uniform space (X, D). Then there exists a symmetric entourage D such that each member of C(D) is contained in some member of α.

Proposition 2.4. Let (X, U) be a totally bounded uniform space and let f : X → X be a continuous map. Then f is expansive if and only if f has a uniform generator.
Proof. Assume that f is expansive with expansivity neighborhood D. Choosing an entourage D with D 6 ⊂ D, since X is totally bounded, there exists a finite set 
Hence there exists a member
Since C(U) is a uniform generator y = x. This complete the proof.
A sequentially compact uniform space is totally bounded. Therefore a sequentially compact, non-compact uniform space is sequentially complete, non-complete (totally bounded). The first ordinal space is an example of one such uniform space [8] .
Theorem 2.5. Let (X, U) be a sequentially compact uniform space and let f : X → X be a homeomorphism. Let α be a uniform generator for f . Then for each entourage E of X there exists n > 0 so that for each element A of
Proof. For contracting a contradiction suppose that there exists an entourage E of X so that for all j > 0 there exist
such that for each x j ∈ B j there exists y j ∈ B j with (y j , x j ) E. By sequentially compactness there exists a subsequence { j k } of natural numbers such that x j k → x and y j k → y for some x and y in X. Then x y. Since α is finite, infinitely many A j k ,0 coincide. Then x j k , y j k ∈ A for infinitely many K and hence x, y ∈ cl(A 0 ). Similarly for each m, infinitely many A j k ,m coincide and we obtain A m ∈ α with x, y ∈ T −m (cl(A m )). Thus x, y ∈ +∞ −∞ f −n (cl(A n )) which is a contradiction. Proof. Assume that K ⊂ X is compact. Choose two entourages U and E of X such that 
Proof. By the Fact 1.6 it is enough to show that h uc ( f ) = h uc ( f, α). Let V be any entourage of X and D be the entourage as Lemma 2.3 for the uniform cover C(V). By Theorem 2.5 there exists n ∈ N such that for each A ∈
Hence we obtain
Since cov( f, V) ≤ cov( f, U) for all entourages V of X, we conclude that
. Proposition 2.8. Let (X, U) be a compact uniform space and let f : X → X be a continuous map. Then
Proposition 2.9. Let (X, U) be a compact uniform space and let f : X → X be a continuous map and
Theorem 2.10. Let (X, U) be a compact uniform space and let f : X → X be a continuous
we say that a uniform space (X, U) is uniformly locally compact if there is an entourage U of X, such that for each x ∈ X, U[x] is compact [?] . A uniformity on the set X is separated if the diagonal ∆ coincides with the intersection ∩ of the entourages. The uniformity is separated if and only if the uniform topology has the Hausdorff property. Therefore in a locally compact separated uniform space for every point x in X and every entourage U of X there exists an entourage C such that C[x] is compact and
Theorem 2.11. Let (X, U) be a locally compact separated uniform space and let f : X → X be a continuous map with shadowing property. Let Y ⊂ X be an f -invariant closed set. Let = f | Y and G = × . If there is x ∈ sen( ) and (x, x) ∈ int(cl(R(G))), then x ∈ Ent(X, f ) and so h u ( f ) > 0.
Proof. Since x ∈ sen( ), there exists V ∈ V such that x ∈ sen V ( ). Let U be any entourage of X. Then there exists an entourage C such that C[x] is a compact subset of X and C[x] ⊆ U [x] . Choose an entourage E such that E 3 ⊂ V ∩ C. By shadowing property there exists an entourage D ⊂ E such that every D-pseudo-orbit can be E-shadowed by some point in X. Since x ∈ int(cl(R(G))), there exists an entourage
